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(54) System and mettiod for determination of incremental value at risk for securities trading 

(57) A system, method, and product determines the 
incremental impact of any number of candidate trades 
on the value at risk (VaR) measure of a trading portfolio 
within a trading interval, without requiring that the VaR 
measure be redetermined individually with respect to 
each candkiate trade. The method includes determining 
the VaR measure for the trading portfolio, and determin- 
ing a derivative vector quantity for the VaR measure, i^r 
each candidate trade, the impact of the candkiate trade 
on the VaR measure is determined as the vector prod- 
uct of the derivative vector arvi the mapped cashflows of 
the candidate trade. A negative sign indicates a desira- 
ble reduction in the VaR measure. This determination 
may be made for any number of candidate trades with- 
out having to re-determine the VaR measure. The soft- 
ware product emptoys this method in a financial 
analysis application in an optimized implementation. 
The system includes the software product along with 
databases storing the trading portfblk>(s). Additionally, 
the method and product alksw each carxJklate tr^e to 
be nonnalized with respect to selected criteria, so that a 
number of individual candkiate trades n^ t>e ranked 
with respect to their incremental impact on the VaR 
measure to determine the candkiate trade the t>est 
reduces the VaR measure. 
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Description 

BACKGROUND 
5 Held of Invention 

The present invention relates generally to systems and methods for risk analysis in securities portfolios, and more 
particularly, to systems and methods for rapid or real time determination of Value at Risk metrics. 

10 Background 

Value-at-Risk (VaR) is a method for assessment of market-based financial risk in the tracfing of financial instru- 
ments. Given a trading portfolio of financial instruments, and desatption of tfie market variance characteristics, a VaR 
analysis statically determines how much of the value of the tracfing portfolio might be lost over a given period of time 
15 with a given level of probability. This determination is expressed as the VaR" measure. 

Rgure 1 is a data flow diagram of the conventional technique for determining the VaR of an existing trading portfo- 
lio. In a conventional \^R system, a trading portfolio P of financial instruments is decomposed into a series of compo- 
nent asset flows (known generically as "cashfkiws, " even though the term "cash" sugguests a particular asset). This 
process is termed "shredding," and produces a set of cashflows that approximates the current value and risk behavior 
20 of the portfolio. The cashflows are then mapped onto a set of specified, benchmark cashflows made at specified future 
time intervals from the present. The future time intervals are known as lenors " and the combination of an cashflow type 
(e.g., US dollars, Deutschemark, gold, and the like) and a tenor is termed a Vertex. " The mapping is useful in order to 
provide a representation of the portfolb as a starxJardized collection of cashf k»vs. The vertices onto which the cashflow 
set are mapped are those also used in a variance-covariance matrix Q of the market values of the benchmark cash- 
es flows. The covariance matrix Q descrit)es the current market characteristics to a reasonable degree of detail. The 
shredding and mapping creates a set p of mapped cashflows from a portfolio P. These cashflows are then subjected 
to arithmetic operations with covariance matrix Q to produce the VaR measure. 

For example, suppose that the trading portfolio includes financial instruments maturing in art>rtrary number of days 
from the present such as 22 days. The covariance matrix Q typically includes only vertices for other maturation, periods 
30 of the given financial instrument such as at 7, 30, and 60 days from tfie present In order to reliably determine VaR in 
a conventional manner, the financial instrument is then mapped into selected cashflows at the vertices, for example, at 
either 7 or 30 days, or some distribution there between. There are a number of mapping and shredding functions avail- 
able to create the set of mapped cashflows a arxJ the selection of such functions is not relevant to the present invention. 
From the mapped cashflows, the VaR of the portfolio is detennined by taking the square root of the product of the 
35 transpose p* of the set of mapped cashf kiws, the covariance matrix Q. and the original mapped cashflows p. The result- 
ing VaR value specifies how much money a trader might lose in the current trading portfolio over a given interval of time, 
with a given prot>abilrty. 

For example, a f inancial instrument known as a "currency swap" may consist of the promise to pay certain anwunts 
of Deutschemark in return for receiving certain amounts of U.S. dollars, at certain times. Shredding reduces the cur- 

40 rency swap into some set of cashflows, being, for exanple, negative in sign for the Deutschemark flows, positive in sign 
for the U.S. dollar flews. These shredded cashflows are each scheduled to occur at some assigned point in time in the 
future, as determined by the swap contract itself. To measure the market risk of the swap, the market risk of a bench- 
mark set of cashflows is determined, for example, for $1 received (or paid) today, in one weeK in one month, in 3 
nrx)nths, 6 months. 1 year, and so forth, and similariy for 1 DM received (or paid) at the same tenors. The risks here are 

45 determined in part by the variances and covariarK^es of all these quantities at the selected tenors, and in part by the 
anxHints of such t>enchmark (vertex) cashfkiws (Risks are measured only at benchmark tenors t>ecause measuring 
variances and covariances for all possible cashffows at all possS)le art>itrary tenors would be computationally infeasi- 
ble.) However, the shredded cashflows of the original swap contract do not necessarily lie exactly upon these vertices 
where the benchmark risks were measured. Therefore, the shredded cashflows are next "mapped" onto the vertices, in 

50 anrxHjnts that behtave equivalently in terms of risk. In the currency swap example, the set of shredded cashflows is 
mapped onto "equivalent-sized" cashflows tying at the vertices. As a final step, the risk of all mapped cashflows is cal- 
culated together using the krxTwn VaR equation, accounting for the risk offsets of low covariance. A more complete cfis- 
cussion of the VaR methodology may bB found in RiskMetrics Technical Document. (3rd Ed. 1 995). the primary source 
on the method by J.R Morgan, and in An introduction to VAR. by CATS Software Inc. (Palo Alto. CA). 

55 . As currently used, the VaR only informs about the current risk characterisb'cs for a given trading portfolio. A natural 
outgrowth of the calculation of VaR is the question "How can VaR be improved (decreased)?" There are several reasons 
that make this determination important Among these, various regulatory arxJ quasi-regulatory bodies (e.g. Bureau of 
International Settlements) have suggested that VaR shoukJ be tied to capital adequacy, i.e. the anxHjnt of capital which 
ought to be required to support certain types and amounts of trading. Thus, financial institutions desire to know the 
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potential effects on VaR from possble trades, preferably in real time, in order to minimize the VaR tor their trading port- 
folios. 

Dealing with VaR on a real-time basis is a serious issue for most trading institutions. The typical financial institution 
may have tens of thousands of financial contracts Clrades'O. and each trade gives rise to dozens of shredded cash- 
5 f Ims. The number of cashf lew vertices may also be as large as 300-1 000 (since it represerrts the product of the number 
of mari^ times the number of tenors times the number of asset types). During a trading period, a single trader, per- 
haps one of hundreds of traders, or even thousancfe in an institution, may consider dozens of altemative trades during 
a trading d^. It then becomes desirat)le for each trader to Know which of his potential trades will improve (or reduce) 
the VaR measure for the entire f inanda! institution's trading portfolia That is. it is desirable to determine the incremental 
10 effect of each trade on the VaR measure of a trading portfolio. 

In the current art, the only means of evaluating the incremental impact on the VaR of a new, candidate trade is to 
re-perform the entire VaR analysis on the combination of the existing trading portfolio and the carxlidate trade. This 
process is illustrated in Rgure 1 , the dashed area, by repeating the VaR calculation for the candidate trada More spe- 
crficalty, the re<letermirmtion of the VaR measure for an individual cancfidate trade A^, is made by merging the candi- 
es date with the trading portfolfo P, shredding and mapping the resulting combined portfolio, and recalculating the 
VaR^ measure. The difference between the original VaR measure and the current VaR^j measure is then taken. If the 
new VaR^ measure is less than the original VaR measure, the cancfidate trade A^ will improve the VaR of the trading 
portfolfo. This existing art, however makes it extremely difficult to determine VaR in real time for each potential trade, 
due to the computationally-intensive nature of such VaR re-calculation. 
20 Moreover, the VaR method is a one-directional calculation: much infonnation Is fost in the course of reducing a port- 
folio of trades into a single VaR number, arxi the process is not reversible. For example, many trades might give rise to 
a given pattern of mapped cashflows; many mapped cashflow patterns might give rise to a given VaR measure; and so 
on. There is really no cfirect means of recovering trade-related information from a final VaR measure. As a conse- 
quence, conventional systems provide no means of calculating from the VaR measure itself which trades should be 
25 done In order to improve the VaR measure, because the process if not reversible: one cannot recover cashflows from 
VaR numbers, nor trades from cashflows. In sum, the current VaR methodology. t>eing unidirectional in Its approach, 
cannot directly pmvide information In the opposite directfon, that is, determine which trades will reduce the VaR meas- 
ure. 

Finally, VaR is a nonlinear risk measuremerrt which depends not only upon the incremental trade, but also upon 
30 how this trade interacts and offsets with the exiting portfolio of trades. This interdeperxJence makes it quite difficult to 
establish the inaemental effect of a new proposed trade, per se. 

For these reasons, conventional VaR analysis Is limited to at best repeatedly recalculating the VaR measure for the 
entire trading portfolio for every new candidate trade. The process is cunently extremely time consuming, given, as 
noted above, the extremely large number of trades and cashflows that must be analyzed for each and every potential 
35 trade. The Inability to recafoulate VaH measure in real time seriously limits the potential feedback to individual traders 
and risk managers, who ideally should instead k>e provided Instant response on whether their proposed trades are VaR- 
improving or not. 

Accordingly, it Is desirable to provide a system and method for determining incremental VaR measure for each can- 
didate trade, without having to re-examine the institution's entire trading portfolfo and recalculate the VaR measure on 
40 the combined trading portfolia In addition, it is desirable to provide a system and method for determining a trade-Inde- 
pendent means of comparing varfous candidate trades quickly and reliably, to Identify a trade or trades ttiat best reduce 
the VaR measure of a trading portfolfo. 

SUMMARY OF THE INVENTION 

45 

The present invention overcomes tiie limitations of the conventional \^R analysis systerrs by providing a system, 
method, and product witii which any new proposed trade may be quickly examined for its incremental impact on the VaR 
measure of the trading portfolfo, without further reference to the existing portfolfo held by the institution, and without the 
need to re-deterntine tiie combined portfolfo's N^R measure for each carxlidate tiade. In addition, the present invention 
50 allows a set of candfoate trades to be evaluated and ranked to identify the trade(s) that most favorably reduce the VaR 
measure. 

In one aspect the present invention is a financial analysis application, a software product, that operates with con- 
ventional computerized f inandal tracfing systenr^. The financial analysis application analyzes a trading portfolio of finan- 
cial instruments stored in a database or ottier storage mechanism to produce a VkR measure for the trading portfolio. 
55 An improved method is employed that determines not just the VaR measure fa the trading portfolio, but further, a vector 
of intermediate data values here called the "DELVAR." The DELVAR vector is then employed in forming approximations 
of the rate of change in the VaR measure of a trading portfolio, for any subsequent trade. The financial analysis software 
need only determine the DELVAR vector once for a given trading portfolio within a selected trading period, such as a 
single day. With the DELVAR vector, the impact, or incremental VaR of any candidate trade in the trading period may be 
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determined without the computationaJly expensive process of r&KJetermining the VaR measure for each combination of 

the existing portfolio arxi a candidate trade, as in conventional systems. 

Accordingly, in this aspect of the invention, a fist of candidate trades is provided to the financial analysis application. 

and each is incfvidually assessed for its impact on the VaR by applying the candidate trade to the DELVAR. The soft- 
5 ware does tfvs by conventional shredding arKi mapping each candidate trade to produce a set of mapped cashflows for 

the trade, typically represented as a vector quantity; the cashflow vector for a candidate trade is then combined with the 

DELVAR vector to produce an approximate inaemental impact value for the carKlidate trade. 

The DELVAR vector may be computed quite efficiently, using conventional data processing operations. Once the 

DELVAR vector is determined, an incremental VaR impact value can be confuted, which shows whether the VaR for 
10 the trading portfolio will change positively or negatively by the addition of the candidate trade to the portfolio of trades. 

This permits, among its other uses, an inaemental analysis of a trier's next proposed trade, without re-examining the 

institution's entire portfblia 

As a further improvement provided by the present invention, the cashflows of each candidate trade may normalized 
prior to application to the DELVAR with respect to a given criteria function. Normalization allows any nunnber of candi- 
15 date trades, even of different types, to be compared according to their incremental VaR inrpact values. As a result, can- 
didate trades that best reduce the VaR measure of a trading portfolio may be selected and executed, thereby desirably, 
and expediently reducing the risk of a trading portfolio. Normalization is provided by adcfitional normalization conrpo- 
nents in the financial analysis application, and by the methods such components employ. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is an illu^tion of the dataflow for a conventional method of determining VaR for a trading portfolio. 
Rgure 2 is an illustration one emtxxjiment of a financial analysis sy^em in accordar>ce with present invention. 
Rgure 3 is an illustration of one emtxxjiment of the dataflow of the financial analysis system of the present inven- 
ts ton. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to Rgure 2, there is shown an illustration of a financial analysis system 100 operating in accordance 
30 with one embodiment of the present invention. The system 1 00 includes a computer 110 coupled to a database 1 20 via 
a network 150. The computer 110 is of conventional design, arxJ includes a processor 111, rarxiomly addressable 
memory (RAM) 112, network interface 113, input and output devices 114. hard disk 115. and a cfisptay 116. The com- 
puter 110 executes a conventional operating system 1 17. In a preferred enrtodiment. the conputer is an Intel-oompat- 
Itiie personal computer operating Microsoft's Windows^ operating system. Other conputers arxj operating systems 
35 may also be used. 

The conputer 1 10 interfaces with the datak)ase 120 on a mass storage device in a conventional manner, to store 
and r^eve data therefrom. The datat)ase 120 stores at least one trading portfolio 130. A trading portfolio 130 is com- 
prised of a set of financial instruments 135 or trades, or other trading portfolios 1 30. For each financial instrument 1 35, 
appropriate data identifying the type, anKXjnt, arxl realization dates, arxJ other attributes of the ir^ument ak>ng with 
40 some means for associating the f inar)cial instrument with its tradng portfolio 1 30. In a preferred embodiment, the data- 
base 120 is relational. In addtion, the database 120 preferak)ly maintains as one of its tables (or other useful data struc- 
ture) a list of the types of financial instruments 135 used in the portfolk>s 130, along with a nominal (e.g. $1) amount for 
the instrument. 

In a preferred embodiment, the conputer 110 interfaces with a network 150 to communicate with remote other 
45 conputer systems, arx^ receive from at least one such computer 1 65 a conputer readable dataset conprising a ccvar- 
iance matrix 170 for selected ones of the types of financial instruments 135 stored in the datat)ase 120. and a vertex 
set 1 75. The covariance n^trix 1 70 and vertex set 1 75 is then stored in the database 1 20 or used directly in the RAM 
112. The covariance matrix 170 defines the covariance values for the selected financial instruments 135 at predeter- 
mined tenors, in the manner desait>ed above. The vertex set 175 defines vertices for the tenors in the covariarx^e 
50 matrix 1 70. In one prefened emtxxjiment, the covariance matrix 1 70 is received and updated to the datak>ase 1 20 on a 
daily basis. One source of the covariance matrix 1 70 and vertex set 1 75 is J. P. Morgan's RiskMetrics™ dataset, availa- 
t>le daily on the World Wide Web at: 

tTttpy/www.jpmorgan/RiskMetrics/DOWNLOADlNG/dcwnload<lata.html. Attematively, the covariance matrix 170 arxi 
vertex set 175 may be kx:ally generated. 
55 The database 1 20 stores user inputs, such as from a trader, of a set 180 of candidate trades 1 80 of selected finan- 
cial instruments 135 (the set may include a single candidate trade 1 80. The manner in which the set of candidate trades 
1 80 is generated is determined by the user of the system 1 00, arvJ is not restricted by the present invention, which may 
operate upon any set of candidate trades 180. For each of candidate trades 180 in the set. the system 100 will deter- 
mine its incremental impact on a VaR of a trading portfolio 130. Optionally, the system 1 00 may determine from among 
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the set the candidate trades 180 that be^ improves the VaR of a trading portfolio 130. 

The corrputer 110 stores and executes a financial analysis application 140. TTie financial analysis application 140 
is a software product that operates in accordance with the present invention. The financial analysis application 140 
reads and manpulates data regarding a trading portfolio 130 from the database 120 in accordance with the present 

5 invention to produce both a DELVAR value for a trading portfolio 130 and an incremental VaR irrpact value for any can- 
didate trade. The financial analysis application 140 includes a shred/imap C^^AP*^ module 200, a DELVAR module 210. 
a set of normalization modules 220. and an incremental \faR mocbile 230. While one computer 110 is shown with the 
financial analysis application 140, additional computers 1 10 may also be used, each executing directly, or via a client- 
server relationship, a financial analysis application 140 as desaibed herein. 

10 Referring now to Rgure 3. there is shown a dataflow diagram of the operation of the financial analysis application 
140 in accordance with one embocfiment of the preserrt invention. First the VaR value for any number or collection of 
trading portfolios 130 is determined. A trader, risk manager, or officer selects 300 a trac£ng portfolio 130 for analysis. 
As a trading portfolio 130 may contain other trading portfolios 130. including the overall position of an institution, the 
VaR of any aggregation of financial instruments 1 35 may be determined. Preferably, the VaR for a trading portfolio 130 

15 is done overnight during the non-trading hours, due the time required. It is also preferred that VaR of tiie trading portfolio 
1 30 for the entire financial institution be detennined. 

The financial analysis application 140 reads the selected trading portfolio 130 and applies 302 the shred and map 
functioris 200 thereto. These may include any conventional shredding function to produce a set of cashflows for the 
trading portfolio 135. The financial analysis application 140 reads the covariance matrix 1 70 and the vertex set 1 75, and 

20 maps each of the cashflows onto a vertex therein according to a predetermined, or user selected mapping function pro- 
vided t>y the map nrxxJule 200. Any variety of shredding or nnapping functions may t>e employed with the system of the 
present invention. The result of the shred arxJ map rrxxiule 200 is a set of mapped cashflows 330 for the trading portfolio 
1 30. The mapped casfif lows 330 may be characterized as a column vector, in which each vector component is a cash- 
flow. For later convenience in notation, the mapped cashflows 330 are also designated p. 

25 Using the mapped cashflows 330, the VaR measure for the selected trading portfolfo 1 30, and along with the DEL- 
VAR vector, are determined by the DELVAR rtKxjule 210. Unlike conventional VaR systems, the DELVAR module 210 
determines tiie VaR measure in a manner that is optimized for the determination of the DELVAR vector. In one imple- 
mentation of the DELVAR module 210, operating as illustrated in Figure 3, an intermediate product W is taken 306 as 
the vector sum of the transpose p' (304) of the mapped cashflows 330 of the trading portfolfo 130. The VaR measure 

30 for tiie selected trading portfolio 130 is then determined 308 as the square root of the inner product of W and p. This 
VaR determination is only made once for the trading portfolfo 130 in a selected time inten^l, like a trading day or say, 
3-fx>ur period. The DELVAR vector is then determined 310 as the c^otient of the intermediate quantity W, and tiie VaR 
measure, again, only once during the selected trading interval. 

The DELVAR module 210 is effidenUy implemented by cafoulating the vector product W of tiie mapped cashflows 

35 330 and the covariance matrix 170 and storing it as an intermediate step to determining the VaR measure for the trad- 
ing portfolio 130. The following pseudo-code is an example: 
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SUBROUTINE DELVAR (P, Q, NUM.VERTICES) 

{ 

FORI = 1 TO NUM.VERTICES { 

W[I1 = 0 ' 
FOR J = 1 TO NUM-VERTICES { 
Wffl =Wni +P(J] *Q[J4] 

1 

1 

VAR = SQRT(INNERPROD(W, P, NUM_VERTICES)) 



FOR I = 1 TO NUM_VERTICES { 
^ DELVAR[I] = W[II/VAR 

} 



25 



Here, P is the mapped cashflow 330, Q is the scaled ccvariance matrix 170. NUM_VERTICES Is provided by the 
vertex set 175, and INNERPRODQ is a standard calculation of the inner product of two vectors of compatible size. By 
30 first determining the row vector W, it is possit)le to determine DELVAR. It is important to note the DELVAR here was 
determined without any reference to any candidate trade. 

Conventional approaches to VaR, in order to reduce the run time required, do not separately determine W. As a 
result, conventional VaH calculations requires approximately steps (where N is shorthand for NUM_VERTICES) and 
no additional memory, while the DELVAR module 220 requires approximately t^ + N steps and memory for the A/ real 
35 number of additional memory. However, the gain for these minor costs is the ability to recalculate the incremental VaR 
impact value multiple times with minimal cost In time, as described below. 

The DELVAR nxxJule 210 as descrik>ed is one implementation for determining DELVAR. It is t>ased on the following 
armlysis off VAR. 

Mathematically, VaR may be defined as follows: 

40 

VaR = JpVp Eq.1 



where: 



45 P is a selected trading portfolio 1 30 of financial instruments 1 35 as described; 

p = m{P) Is a vector (column) of mapped cashflows 330, where mQ is a mapping and shredding function provided 
by the map module 200 on the vertex set 1 75; 
p' Is the transpose of p; 

Q is the covariance matrix 1 70 scaled by the square of the VaR probability standard deviations (which is typically 
50 1 .65^, the indices of the matrix also being the vertex set 1 75. 

Assume that a candidate trade A^ from the set of candidate trades 1 80 Is to be made, and it is desired to deterntine 
the impact on the known VaR measure. TTie shredded and mapped cashflows of the candidate trade may be consid- 
ered a vector ai. which is then scaled by the small positive quantity e. As descrit>ed above, a conventional approach 
55 determining the impact of this candidate trade on the VaR would be to shred and map candidate trade A^ in the 
tracfing portfolio 130 to produce a revised map cashflow set r^. VaR would conventionally be recalculated as. where 
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H-.(£) = Jr'(e)Qr.(e) 



Eq.2 



where 



r, = p+ea,. 

10 

But a Taylor series expansion off VaR around e = 0 produces: 

15 iv,(e) = w,(0) + e V iv,(0)-a, +o(£M Eq.3 
= v+e(Z)£LVA/fa^)+o(e^) Eq.4 

20 

where v refers to the vector derivative operator, and where the vector index is the vertex set 175. The first term Wj(0) is 
merely the original VaR. In Eq. 4, if e is sufficiently small (and positive, since the carxiidate trade d/ is being added in 
positive amount to the trading portfolio 130). then the improvement in the VaR measure is gcvemed by the sign and 
25 magnitude of the second term off the Eq. 4. The higher order term (o(e^) may be reasonably ignored, since e is small. 
It is off course the case that most notational anwunts of candidate trades 180 in an institution will be small relative to the 
size of the entire trading portfolio 130. justifying the approximation. 
Direct calculation shows tfiat: 



30 



Z)£LVA/? = ^^iI^ = — =p'Q/v. Eq.5 



35 Thus, the DELVAR vector depends only upon the selected trading portfolio 1 30, and not upon the selection of candidate 
trade A^q from the set of candidate trades 180. even though the candidate trade A^q was included in the conventional 
approach to the incremental determination. Thus, the same DELVAR vector works for all candidate trades 180, and 
does not itself have to t>e calculated more than once for the selected trading portfolio 1 80. 

Returning then to Figure 3, the incremental VaR innpact value of each candidate trade 1 80 from the set of candidate 

40 trades is determined as follows: 

The candidate trade 1 80 is shredded arKi mapped t)y the map module 200 on the vertex set 1 75 to produce its cor- 
responding mapped cashflows 335. The mapped cashflows 335 are then optionally normalized by one of the normaG- 
zation nxxJules 220, as further descn'bed below. Whether or not the candidate trade 1 80 is nomrialized, the incremental 
VaR nxxJule 230 takes 312 the inner product of the mapped cashflows 335 and the DELVAR vector to produce the 

45 incremental VaR impact value. This determination off the incremental VaR impact value does not require recalculation 
of the VaR measure for the entire trading portfolio 130 as in conventional systems. 

The incremental VaR impact value as described is useful for its sign value. If the incremental VaR impact value is 
negative, then the candidate trade 180 improves the VaR, and is thus a risk-reduq'ng trade. If the sign is positive, the 
candidate trade 180 degrades the VaR by increasing portfolio risk. In this manner then, the trader can immediately 

50 determine, for each and every candidate trade 1 80 whether the trade is benef icial to the institution for risk reduction pur- 
poses. 

This determination of the incremental impact on VaR of a candidate trade 180 may be expressed, in light of the 
foregoing, as: 

[p'Qlv]a, Eq.6 
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The incremental VaR inrpact value as calculated via the DELVAR vector is an approxiniation, due to ignoring the 
higher order temts. However, because the typical trading portfolio 130 is large relative to the carxJidate trade 180. the 
incremental VaR impact value measured via the DELVAR vector is suff identiy quite accurate in most cases to provide 
the desired information for risk management 

5 The execution time of this inner product determination by the incremental VaR module 230 varies linearly with the 
number of vertices in the vertex set 175. The fact that the DELVAR vector is fixed for a selected trading portfolio 130 
makes this linear computation time feasible, and is therefore a feature which provides a last incremental VaR calcula- 
tion. This makes the financial analysis application 140 and the system 1 10 suitable for a real-time trading environment, 
even though it is an approximation to the true incremental V^R measure. 

10 One benefit of the above approach and the determination of DELVAR vector for a trading portfolio 1 30 is the rapid 
identification, by the incremental VaR impact value, of those candidate trades which reduce or increase the VaR. How- 
ever, because only the sign of the incremental VaR impact value resulting from a candidate trade 180 might be ascer- 
tained, this approach alone does not provide means for comparing the relative worthiness of each of carvlidate trades 
180. This is because any single candidate trade 180 may be arbitrarily doubled or halved in size, so that comparisons 

IS of magnitude of the incremental VaR impact ^^ue for different candidate trades 180 are meaningless. To accomplish 
corrparabiiity in risk, which is a goal of risk management it is first desirable to assure that the candidate trades 1 80 are 
scaled in such a fashk>n as to become comparable with respect to a selected criterion. This step is termed herein 
"normalization". In one embodiment of the present invention, normalization is provided by selected one of the rK)rmal- 
ization modules 220. 

20 In one embodiment of the present invention, there are six normalization modules 220, each providing a distinct cri- 
teria for comparing the incremental VaR irrpact value of carxJidate trades 180: cashflow normalization 220a, VaR nor- 
malization 220b, return normalization 220c, price normalization 220d, capital normalization 220e. and notional 
normalization 220f. Each normalization module 220 produces a normalization factor Xj calculated in a manner (detailed 
below) depending upon the candidate trade 180 being rK>nnalized. Reference is now made to Rgure 3. where calcula- 

25 tion of the normalization factor 340 (notated "NF(i) " in Rgure 3) proceeds via one of several alternative metiiods: 

V 

1 . C^hflow normalization 220a. In this module, a matiiematical norm for the mapped cashflow 335 is associated 
with each candidate trade 180. If candidate trade a\ consists of a vector of cashflows = (aji,a,2. -.aj/J then the 
normalization factor Xj (340) may be selected as one of: 



30 



35 



40 



A,=|a,|^JX^ Eq.7 



A; = |a,l 3 maxj[cj\ai,\] . Eq. 9 



where Eq. 7 normalizes the cashf tew vector length, Eq. 8 uses the sum of the trade's absolute cashflows, and Eq. 
9 employs the largest individual cashffow corrponent. All of these may be further extended to an arbitrary positive 
45 weighting of the cashflows prior to normalization factor calculation, as shown by the weightings [c^ above. 

2. VaR normalization 220b. In this module, the normalization is performed according to tiie VhR inherent in the can- 
didate trade 180 itself. In effect each candidate trade 180 is evaluated on the basis of equating the risK measured 
via overall VaR measure, as if each candidate trade 180 were held in isolation. Accordingly, the normalization factor 
Xi (340) is calculated as 

50 



A; =. ^a'iQoi Eq.lO 



55 where Q is the covariance matrix 1 70. 

3. Return normalization 220c. In this module, the normalization factor X, (340) is selected according to the value of 
antidpated future retums accruing to holding the candidate trade 180. In one emfcxxtiment, this is determined by 
taking the net present value of all future revenues and payments of the candidate trade 180. as one such measure 
of future retums. 
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4. Price normalization 2206. In this module, the normalization lactor X, (340) Is set equal to the market price of the 
candidate trade 180. This equates each candidate trade 180 according to their cun-ent mark-to-market. i.e.. the 
value of the candidate trade 180 by present market standards. 

5. Capital normalization 220e. In this module, the normalization factor X, (340) is set equal to the regulatory or other 
5 amount of capital which must be allocated to sustain the carxiidate trade 180. For example, the Bureau of tnterna- 

ttonal Settlements (BIS) guidelines provide formulas involving certain capital adequacy underlying certain trade 
types. 

6. Notional normalization 220f. In this module, a "notional value. " of the candidate trade 180 used, the notional 
value being an otherwise arbitrary market or other convention on the number of units invdved in. the candidate 

10 trade 180. For example, currency swap contracts are typically denominated in amounts Involving $1 of principal 
payment, regardless of the swap interest rates involved. Because this normalization factor X, (340) is completely 
arbitrary, it serves as a catchall category of normalization, and may be used with any type of financial instrument 
135. 

IS For any of the normalization modules 220. then, the candidate trade cashflow vector 335 3/ ^ normalized 345 as: 
a,=[fl,/A,l Eq.ll 



20 

The normalization modules 220 thus described may be implemented, in one embodiment using pseudo-code such 

as: 



25 



SUBROUTINE NORMALIZE(A) 

I 

FOR I = 1 TO NUMJCANOro ATES I 
30 LAMBDA = NORM(A, I, NUM_VERTICES) 

FOR J = 1 TO NUM_VERTICES DO ( 
Ap,n = A[I,J] / LAMBDA 

) 

35 



where the procedure NORM provides one of the six normalization factors 340 described above. 
40 Accordingly, each of the candidate trades 180 Is normalized 345 with one of the normalization rrKXfules 220 to pro- 
duce for each candidate trade a normalized cashflow vector 350. This normalized cashflow 350 is then input into the 
incremental VaR module 230. and the incremental VaR impact value, VaR^/^ for that candidate trade is determined 
312, and stored. 

Once all of the candidate trades 180 have been processed, arxi an incremental VaR Impact value determined for 
45 each, these normalized candidate trades 350 are ranked 314 by their now-comparable incremental VaR impact value 
to produce a ranked set 355 of candidate trades. The trader risk manager, or officer can then review the ranked set 355 
and select the candidate trade that best improves the VaR measure, in other words, the cancfidate trade that best 
reduces the value at risk for corrparable values of the normalization. Preferably every such person Is able to use the 
financial analysis application 140 for evaluating each cancfidate trade 180 throughout the trading period. This Is done, 
50 as shown above, without having to recakxjlate the VaR measure for tiie trading portfolio 130 each time. 

In summary, the present invention provides a system, a metfiod, and a software product that beneficially deter- 
mines the change in the VaR measure of a tracfing portfolio for any potential candidate trade that may be made and 
added to the portfolio. In addition, tiie present invention allows any variety of candidate trades to be compared for their 
inpact on the VaR measure, thereby allowing a trader specifically, and a financial institution more generally, to identify 
55 and select those candidate trades that best reduce the VaR measure, and thereby improve the financial performance 
of the trading portfolio. 
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Claims 

1. A computer readable memory storing thereon a computer program for controlling the execution of a processor to 
determine whether any candidate trade in a selected trading interval reduces a value at risk measure of trading 
5 portfolio having a selected financial instrum^rts, the computer program comprising: 

means for determining the value at risk measure for the trading portfolio once with respect to the tracfing inter- 
val; 

means for determining a derivative vector of the value at risk measure; 
10 means for determining an inaemental value at risk measure for a candidate trade from the derivative vector of 

the value at risk measure; and. 

means for determining from the sign of the incremental value at risk measure whether the value at risk meas- 
ure of the trading portfolio is reduced by the candidate trade. 

IS 2. The computer readat)le memory of claim 1 . wherein the means for determining the derivative vector of the value at 
risk measure for the trading portfolio, further comprises: 

means for converting the financial instruments in tfie trading portfolio into a first set of cashflows; 
means for mapping the first set of cashflows unto a set of selected tenors; 

means for determining a vector product W of transposed mapped cashflows and a scaled variance-covariance 
matrix of risk variances for the financial instruments in the trading portfolio at the selected tenors; 
means for determining the value at risk measure from the square root of the inner product of W and the vari- 
ance-covariance matrix; arxi, 

means for determining the derivative vector from the quotient of W and the value at risk measure. 

The computer readable menwry of any of the preceding claims wherein the computer program stored thereon fur- 
ther comprises: 

means for receiving at least one candidate trade of at least one financial instrument; 
30 means for converting the candidate trade into a second set of cashflows; 

means for mapping the second set of cashfkMvs unto the set of selected tenors; and, 

means for determining an inaemental value at risk measure as the product of the derivative vector and the 

mapped second set of cashflows. 

35 4. The computer readable menK>ry of any of the preceding claims, wherein the computer program stored thereon fur- 
ther comprises: 

means for receiving a plurality of candidate trades, each candidate trade including of at least one financial 
instrument; 
40 for each candidate trade: 

means for converting the candidate trade into a secorxi set of cashflows; 
means for mapping the secorxj set of cashflows unto the set of selected tenors; 
mear^ for normalizing the niapped second set of cashflows for the candidate trade by a normalization fac- 
45 tor; 

means for determining an incremental value at risk measure from the derivative vector and the mapped 
second set of cashflows lor the candidate trade; and, 

means for ranking each candidate trade by its incremental value at risk measure. 

50 

5. The computer readable memory of any of the preceding daims, wherein the normalization factor used by the nor- 
malization means is one of a group consisting of: 

a) a value at risk normalization factor determined according to the equation: 

55 
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where X/ \s the value at risk normalization factor, and a, is the second set of c^hf lows; 

b) a return normaiization tactor equal to the value of the antic^ted future returns of the candidate trade; 

c) a capital normalization factor equal to an amount of capital required sustain the candidate trade; 

d) a price normalization factor equal to a mari^ price of the carxGdate trade; 

e) a notional normalization factor equal to a predetermined number of units for the candidate trade selected 
according to the type of the candidate trade; 

f) a cashflow normalization factor determined according to the equation: 



where Xj is the cashflow normalization factor, and a, is the second set of cashflows, and {Q} is an arbi- 
trary set of positive weights; 

g) a cashflow normalization factor determined according to the equation: 



where X/ is the cashflow normalization factor, a, is the second set of cashflows, and {Q} is an arbitrary 
set of positive weights; and 

h) a cashflow normalization factor determined according to the equation: 



where Xf is the cashflow normalization factor, a/ is the second set of cashflows, and {Q} is an arbitrary 
set of positive weights. 

A computer readable merTx>iy storing thereon a computer program for controlling the execution of a processor to 
determine an incremental Impact of a candidate trade on a value at risk measure of a trading portfolio P having 
selected financial instruments, the corrputer program comprising: 

means for determining the value at risk measure VaR orx^e for the trading portfolio for a selected trading inter- 
val; 

means for determining the derivative vector of the value at risk measure VaR once for the trading portfolio for 
the selected trading intend; 

means for determining a set of cashflows for the candidate trade; and 

means for determining the incremental irrpact of the candidate trade on the value at risk measure VaR from 
the product of the derivative vector and the set of cashf k:ws for the candidate trade. 

The corrputer readable merTK>ry of daim 6. the conputer program stored thereon further comprising: 

means for receiving a selected plurality of candidate trades; 
for each candidate trade: 

means for determining a set of cashflows for the candidate trade; 
means for normalizing the set of cashflows by a normalization factor; 

means for determining for the candidate trade an inaemental inrtpact value on the value at risk measure 
VaR from the product of the derivative vector and the normalized set of cashflows of the candidate trade; 
arxi, 

means for ranking the selected plurality of candidate trades by the incremental impact values. 
The conputer readable memory of any of claims 6-7. coupled to an article of manufacture including: 




^=la,||-2Q|aj| 



^=la|| = ina3{{Q|aij|} 
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a storage device storing at least one trading portfolio comprised of a plurality of financial instruments, and a 
selected scaled variance-covariance matrix Q of market risk variances for a plurality of financial instruments 
including the selected financial instruments, the market r^ variances determined with respect to a set of 
selected tenors; 

a processor cot9)led to the storage device, and controlled by the computer program stored in the memory to 
determine the value at risk measure VaR once for the trading portfolio for the selected trading Irtterval. and 
conrprising: 

means for converting the financial instruments in the selected trading portfolio into a first set of cashflows; 
mear^ for mapping the first set of cashflows unto the set of selected tenors; 

means for determining a vector product W of transposed mapped cashflows and the selected variance- 
covariarKe matrix; and. 

means for determining the value at risk measure V^R from as square root of the inner product of the 
mapped cashflows and the vector product W. 

9. The computer readable memory of any of claims 6^, wherein the computer program stored thereon controls the 
processor to determine the derivative vector of the value at risk measure VaR as the quotient of the vector product 
W divided by the value at r^ measure VaR. 

1 0. A computer implemented method of determining whether any candidate trade in a selected trading interval reduces 
a value at risk measure of trading portfolio, comprising: 

determining the value at r^ measure for the trading portfolio once with respect to the trading interval; 
determining a derivative vector of the value at r^ measure; 
determining an incremental value at risk for a carxiidate trade; arxi. 

detenmining from the sign of the incremental value at risk whether the candidate trade reduces the value at risk 
measure of the trading portfolio. 

1 1 . The corrputer implemented method of daim 1 1 , further comprising: 

determining the vector product W of transposed mapped cashflows p ' and the selected variance-covariance 
matrix Q according to the equation: 

W=p'Q; 

determining the value at risk measure. VaR. according to the equation: 

VaR = Wp; 

prfor to determining the derivative vector, DELVAR. accorcSng to the equation: 

DELVAR = W/V&R. 

12. The computer implemented method of any of dain^s 10-11, wherein determining the value at risk measure com- 
prises: 

receiving a scaled variance-covariance matrix of market risk variances for a plurality of financial instruments 
including selected financial instruments in the trading portfolio, the market risk variances deterouned with 
respect to a set of sdected tenors; 

converting the financial instruments in the trading portfolio into a first set of cashflows; 
mapping the first set of cashflows unto the set of selected tenors; 

determining a vector product W of transposed mapped cashflows and the selected variance-covariance matrix; 
and 

determining the value at risk measure from the mapped cashflows arxi the vector product W. 

13. The computer implemented method of any of claims 10-12. further comprising: 

receiving a plurality of carxjidate trades, each candidate trade including of at least one financial in^ment; 
for each candidate trade: 
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normalizing the candidate trade by a normalization tactor; 

determining an incremental value at risk from the derivative vector and the normalized candidate trade; 
and. 

ranking each candidate trade t}y its inaemental value at risk to determine at least one of the candidate trades 
that most reduce the value at risk measure of the trading portfolia 

14. The computer implemented method of any of claims 10-13, further comprising for each candidate trade: 

converting the carxiidate trade into a second set of cashftows; 
mapping the second set of cashflows unto the set of selected tenors; 

normalizing the mapped second s^ of cashflows for the candidate trade by the normalization factor; and, 
determining an incremental value at risk from the derivative vector and' the mapped second set of cashflows 
for the candidate trade. 

15. The computer implemented method of any of claims 10-14, wherein the normalization factor is one of a group con- 
sisting of: 

a) a value at risk normalization factor determined according to the equation: 



where X{ is the value at risk normalization factor, arxi a/ is the second set of cashflows; 

b) a return normalization factor equal to the value of the anticipated future returns of the candidate trade; 

c) a capital normalization factor equal to an amount of capital required sustain the carxiidate trade; 

d) a price normalization factor equal to a market price of the candidate trade; 

e) a notional normalization factor equal to a predetermined number of units for the carxJidate trade selected 
according to the type of the candidate trade; 

f) a cashflow normalization factor determined according to the equation: 



where is the cashflow normalization factor, and a, is the second set of cashflows, arxJ {Q} is an art)i- 
trary set of positive weights; 

g) a cashflow normalization factor determined according to the equation: 



where X/ is the cashflow normalization facta, a, is the second set of cashflows, and {Q} is an arbitrary 
set of positive weights; and 

h) a cashflow normalization factor determined according to the equation: 



where X, is the cashflow normalization factor, a, is the second set of cashflows, and {Q} is an arbitrary 
set of positive weights. 




Ai=[ai||smaH{Q|aij|} 
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